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1978



A Landmark Result

14

APV ⇠ 10�4

�(APV ) ⇠ 10�5

Does the weak neutral current amplitude interfere with the electromagnetic amplitude?

γ*Z*
e- e-

rate ~ 10 kHz

E122 at SLAC

C.Y. Prescott et al, 1978



A Landmark Result

14

APV ⇠ 10�4

�(APV ) ⇠ 10�5

Does the weak neutral current amplitude interfere with the electromagnetic amplitude?

γ*Z*
e- e- •Parity Violation in Weak Neutral Current Interactions

•sin2θW = 0.224 ± 0.020: same as in neutrino scattering

rate ~ 10 kHz

E122 at SLAC

C.Y. Prescott et al, 1978



A Landmark Result

14

APV ⇠ 10�4

�(APV ) ⇠ 10�5

Does the weak neutral current amplitude interfere with the electromagnetic amplitude?

γ*Z*
e- e- •Parity Violation in Weak Neutral Current Interactions

•sin2θW = 0.224 ± 0.020: same as in neutrino scattering

Glashow, Weinberg, Salam Nobel 
Prize awarded in 1979

rate ~ 10 kHz

E122 at SLAC

C.Y. Prescott et al, 1978



Precision EW Physics



Quantum Corrections

16

W

W
t b

Muon decay

Z

Z
t t

Z production

4th and 5th best 
measured parameters:

MW and sin2θW

For electroweak interactions, 3 input parameters needed:

1. electron g-2 anomaly
2. The muon lifetime
3. The Z line shape

↵QED GF MZ



Quantum Corrections

16

W

W
t b

Muon decay

Z

Z
t t

Z production

4th and 5th best 
measured parameters:

MW and sin2θW

For electroweak interactions, 3 input parameters needed:

1. electron g-2 anomaly
2. The muon lifetime
3. The Z line shape

↵QED GF MZ

sin2 ✓W ⌘ 1�m2
W /m2

Z simple definition; disfavored due to heavy mt



Quantum Corrections

16

W

W
t b

Muon decay

Z

Z
t t

Z production

4th and 5th best 
measured parameters:

MW and sin2θW

For electroweak interactions, 3 input parameters needed:

1. electron g-2 anomaly
2. The muon lifetime
3. The Z line shape

↵QED GF MZ

sin2 ✓effW ⌘ (1� gµµZ)/4

sin2 ✓W ⌘ 1�m2
W /m2

Z simple definition; disfavored due to heavy mt

good at Z-pole; nasty counterterms at other scales



Quantum Corrections

16

W

W
t b

Muon decay

Z

Z
t t

Z production

4th and 5th best 
measured parameters:

MW and sin2θW

For electroweak interactions, 3 input parameters needed:

1. electron g-2 anomaly
2. The muon lifetime
3. The Z line shape

↵QED GF MZ

sin2 ✓effW ⌘ (1� gµµZ)/4

sin2 ✓W ⌘ 1�m2
W /m2

Z simple definition; disfavored due to heavy mt

good at Z-pole; nasty counterterms at other scales

sin2 ✓W (µ)MS ⌘ e2(µ)MS/g
2(µ)MS theoretically motivated; but not physical



Quantum Corrections

16

W

W
t b

Muon decay

Z

Z
t t

Z production

4th and 5th best 
measured parameters:

MW and sin2θW

For electroweak interactions, 3 input parameters needed:

1. electron g-2 anomaly
2. The muon lifetime
3. The Z line shape

↵QED GF MZ

sin2 ✓effW ⌘ (1� gµµZ)/4

sin2 ✓W (MZ)MS = sin2 ✓effW � 0.00028

sin2 ✓W ⌘ 1�m2
W /m2

Z simple definition; disfavored due to heavy mt

good at Z-pole; nasty counterterms at other scales

sin2 ✓W (µ)MS ⌘ e2(µ)MS/g
2(µ)MS theoretically motivated; but not physical



Quantum Corrections

16

W

W
t b

Muon decay

Z

Z
t t

Z production

4th and 5th best 
measured parameters:

MW and sin2θW

For electroweak interactions, 3 input parameters needed:

1. electron g-2 anomaly
2. The muon lifetime
3. The Z line shape

↵QED GF MZ

sin2 ✓effW ⌘ (1� gµµZ)/4

sin2 ✓W (MZ)MS = sin2 ✓effW � 0.00028

sin2 ✓W ⌘ 1�m2
W /m2

Z simple definition; disfavored due to heavy mt

good at Z-pole; nasty counterterms at other scales

sin2 ✓W (µ)MS ⌘ e2(µ)MS/g
2(µ)MS theoretically motivated; but not physical

LEP-I, SLC, LEP-II, Tevatron
World Averages

sin2 ✓W (mZ)MS = 0.23125(16)

MW = 80.385(15) GeV



Precision Relations

17

sin2 ✓W ⇡
⇣ e
g

⌘2
⇡ 1�

⇣MW

MZ

⌘2GFp
2
=

g2

8M2
W

e2 = 4⇡↵

The Electroweak Theory and Measurements at 1-Loop

Heroic efforts of phenomenologists and experimentalists!



Precision Relations

17

(�r)expt = 1�
⇥
⇡↵/{

p
2GFm2

W (1�m2

W /m2

Z)}
⇤

= 0.0350(9)
(�r)SM = 0.0364(3) + 3.4⇥ 10�3 ln [mH/126 GeV]

sin2 ✓W ⇡
⇣ e
g

⌘2
⇡ 1�

⇣MW

MZ

⌘2GFp
2
=

g2

8M2
W

e2 = 4⇡↵

The Electroweak Theory and Measurements at 1-Loop

Heroic efforts of phenomenologists and experimentalists!



Precision Relations

17

(�r)expt = 1�
⇥
⇡↵/{

p
2GFm2

W (1�m2

W /m2

Z)}
⇤

= 0.0350(9)
(�r)SM = 0.0364(3) + 3.4⇥ 10�3 ln [mH/126 GeV]

sin2 ✓W ⇡
⇣ e
g

⌘2
⇡ 1�

⇣MW

MZ

⌘2GFp
2
=

g2

8M2
W

e2 = 4⇡↵

The Electroweak Theory and Measurements at 1-Loop

Heroic efforts of phenomenologists and experimentalists!

mt, αs uncertainty



Precision Relations

17

(�r)expt = 1�
⇥
⇡↵/{

p
2GFm2

W (1�m2

W /m2

Z)}
⇤

= 0.0350(9)
(�r)SM = 0.0364(3) + 3.4⇥ 10�3 ln [mH/126 GeV]

(�r̂)expt = 1�
⇥
2
p
2⇡↵/{GFm2

Z sin2 2✓W (mZ)
MS

}
⇤

= 0.0598(5)
(�r̂)SM = 0.0598(2) + 1.4⇥ 10�3 ln [mH/126 GeV]

sin2 ✓W ⇡
⇣ e
g

⌘2
⇡ 1�

⇣MW

MZ

⌘2GFp
2
=

g2

8M2
W

e2 = 4⇡↵

The Electroweak Theory and Measurements at 1-Loop

Heroic efforts of phenomenologists and experimentalists!

mt, αs uncertainty



Precision Relations

17

(�r)expt = 1�
⇥
⇡↵/{

p
2GFm2

W (1�m2

W /m2

Z)}
⇤

= 0.0350(9)
(�r)SM = 0.0364(3) + 3.4⇥ 10�3 ln [mH/126 GeV]

(�r̂)expt = 1�
⇥
2
p
2⇡↵/{GFm2

Z sin2 2✓W (mZ)
MS

}
⇤

= 0.0598(5)
(�r̂)SM = 0.0598(2) + 1.4⇥ 10�3 ln [mH/126 GeV]

(�r
MS

)expt = 1�
⇥
⇡↵/{

p
2GFm2

W sin2 ✓W (MZ)
MS

}
⇤

= 0.0699(7)(4)
(�r

MS

)SM = 0.0693(2) + 6.5⇥ 10�4 ln [mH/126 GeV]

sin2 ✓W ⇡
⇣ e
g

⌘2
⇡ 1�

⇣MW

MZ

⌘2GFp
2
=

g2

8M2
W

e2 = 4⇡↵

The Electroweak Theory and Measurements at 1-Loop

Heroic efforts of phenomenologists and experimentalists!

mt, αs uncertainty



Precision Relations

17

(�r)expt = 1�
⇥
⇡↵/{

p
2GFm2

W (1�m2

W /m2

Z)}
⇤

= 0.0350(9)
(�r)SM = 0.0364(3) + 3.4⇥ 10�3 ln [mH/126 GeV]

(�r̂)expt = 1�
⇥
2
p
2⇡↵/{GFm2

Z sin2 2✓W (mZ)
MS

}
⇤

= 0.0598(5)
(�r̂)SM = 0.0598(2) + 1.4⇥ 10�3 ln [mH/126 GeV]

(�r
MS

)expt = 1�
⇥
⇡↵/{

p
2GFm2

W sin2 ✓W (MZ)
MS

}
⇤

= 0.0699(7)(4)
(�r

MS

)SM = 0.0693(2) + 6.5⇥ 10�4 ln [mH/126 GeV]

sin2 ✓W ⇡
⇣ e
g

⌘2
⇡ 1�

⇣MW

MZ

⌘2GFp
2
=

g2

8M2
W

e2 = 4⇡↵

The Electroweak Theory and Measurements at 1-Loop

Heroic efforts of phenomenologists and experimentalists!

mt, αs uncertainty

mW = 80.362(6) GeV

mW = 80.385(15) GeV

theory

expt.



Precision Relations

17

(�r)expt = 1�
⇥
⇡↵/{

p
2GFm2

W (1�m2

W /m2

Z)}
⇤

= 0.0350(9)
(�r)SM = 0.0364(3) + 3.4⇥ 10�3 ln [mH/126 GeV]

(�r̂)expt = 1�
⇥
2
p
2⇡↵/{GFm2

Z sin2 2✓W (mZ)
MS

}
⇤

= 0.0598(5)
(�r̂)SM = 0.0598(2) + 1.4⇥ 10�3 ln [mH/126 GeV]

(�r
MS

)expt = 1�
⇥
⇡↵/{

p
2GFm2

W sin2 ✓W (MZ)
MS

}
⇤

= 0.0699(7)(4)
(�r

MS

)SM = 0.0693(2) + 6.5⇥ 10�4 ln [mH/126 GeV]

sin2 ✓W ⇡
⇣ e
g

⌘2
⇡ 1�

⇣MW

MZ

⌘2GFp
2
=

g2

8M2
W

e2 = 4⇡↵

The Electroweak Theory and Measurements at 1-Loop

Heroic efforts of phenomenologists and experimentalists!

mt, αs uncertainty

sin2 ✓W (mZ)MS = 0.23124(6)

sin2 ✓W (mZ)MS = 0.23125(16)

mW = 80.362(6) GeV

mW = 80.385(15) GeV

theory

expt.



Precision Relations

17

(�r)expt = 1�
⇥
⇡↵/{

p
2GFm2

W (1�m2

W /m2

Z)}
⇤

= 0.0350(9)
(�r)SM = 0.0364(3) + 3.4⇥ 10�3 ln [mH/126 GeV]

(�r̂)expt = 1�
⇥
2
p
2⇡↵/{GFm2

Z sin2 2✓W (mZ)
MS

}
⇤

= 0.0598(5)
(�r̂)SM = 0.0598(2) + 1.4⇥ 10�3 ln [mH/126 GeV]

(�r
MS

)expt = 1�
⇥
⇡↵/{

p
2GFm2

W sin2 ✓W (MZ)
MS

}
⇤

= 0.0699(7)(4)
(�r

MS

)SM = 0.0693(2) + 6.5⇥ 10�4 ln [mH/126 GeV]

sin2 ✓W ⇡
⇣ e
g

⌘2
⇡ 1�

⇣MW

MZ

⌘2GFp
2
=

g2

8M2
W

e2 = 4⇡↵

The Electroweak Theory and Measurements at 1-Loop

Heroic efforts of phenomenologists and experimentalists!

mt, αs uncertainty

sin2 ✓W (mZ)MS = 0.23124(6)

sin2 ✓W (mZ)MS = 0.23125(16)

mH = 97+24
�20

GeV
mW = 80.362(6) GeV

mW = 80.385(15) GeV

theory

expt.



The Weak Mixing Angle

18

MS
)
Z

(MWθ
2sin

MS
)
Z

(MWθ
2sin

0.23 0.231 0.232

0,l
fbA 0.23071 ± 0.00053

)
τ

(PlA 0.23131 ± 0.00041

(SLD)lA 0.23070 ± 0.00026

0,b
fbA 0.23193 ± 0.00029

e+e- colliders 
LEP and SLC

e e+ -

Z

The most precise measurements at LEP/SLC



The Weak Mixing Angle

18

MS
)
Z

(MWθ
2sin

MS
)
Z

(MWθ
2sin

0.23 0.231 0.232

0,l
fbA 0.23071 ± 0.00053

)
τ

(PlA 0.23131 ± 0.00041

(SLD)lA 0.23070 ± 0.00026

0,b
fbA 0.23193 ± 0.00029

Prediction for 
125 GeV Higgs!

e+e- colliders 
LEP and SLC

e e+ -

Z

The most precise measurements at LEP/SLC



The Weak Mixing Angle

18

MS
)
Z

(MWθ
2sin

MS
)
Z

(MWθ
2sin

0.23 0.231 0.232

0,l
fbA 0.23071 ± 0.00053

)
τ

(PlA 0.23131 ± 0.00041

(SLD)lA 0.23070 ± 0.00026

0,b
fbA 0.23193 ± 0.00029

Prediction for 
125 GeV Higgs!

e+e- colliders 
LEP and SLC

e e+ -

Z

S,T, U
parameters

Stringent 
constraints

on large
classes of

new physics
models

The most precise measurements at LEP/SLC



The Weak Mixing Angle

18

MS
)
Z

(MWθ
2sin

MS
)
Z

(MWθ
2sin

0.23 0.231 0.232

0,l
fbA 0.23071 ± 0.00053

)
τ

(PlA 0.23131 ± 0.00041

(SLD)lA 0.23070 ± 0.00026

0,b
fbA 0.23193 ± 0.00029

Prediction for 
125 GeV Higgs!

e+e- colliders 
LEP and SLC

e e+ -

Z

S,T, U
parameters

Stringent 
constraints

on large
classes of

new physics
models

Flavor Diagonal Interactions

€ 

Lf1 f2
=

4π
Λ ij
2 ηij

i, j= L ,R
∑ f 1iγµ f1i f 2 jγ

µ f2 j

Consider

€ 

f1 f 1→ f2 f 2

€ 

f1 f2 → f1 f2or

Anew

New heavy physics that does not
couple directly to SM gauge bosons

The most precise measurements at LEP/SLC



The Weak Mixing Angle

18

MS
)
Z

(MWθ
2sin

MS
)
Z

(MWθ
2sin

0.23 0.231 0.232

0,l
fbA 0.23071 ± 0.00053

)
τ

(PlA 0.23131 ± 0.00041

(SLD)lA 0.23070 ± 0.00026

0,b
fbA 0.23193 ± 0.00029

Prediction for 
125 GeV Higgs!

e+e- colliders 
LEP and SLC

e e+ -

Z

���AZ + Anew

���
2
� A2

Z

⌅
1 +

⇥
Anew

AZ

⇤2
⇧

on resonance: AZ is imaginary

no interference!

S,T, U
parameters

Stringent 
constraints

on large
classes of

new physics
models

Flavor Diagonal Interactions

€ 

Lf1 f2
=

4π
Λ ij
2 ηij

i, j= L ,R
∑ f 1iγµ f1i f 2 jγ

µ f2 j

Consider

€ 

f1 f 1→ f2 f 2

€ 

f1 f2 → f1 f2or

Anew

New heavy physics that does not
couple directly to SM gauge bosons

The most precise measurements at LEP/SLC



The Weak Mixing Angle

18

MS
)
Z

(MWθ
2sin

MS
)
Z

(MWθ
2sin

0.23 0.231 0.232

0,l
fbA 0.23071 ± 0.00053

)
τ

(PlA 0.23131 ± 0.00041

(SLD)lA 0.23070 ± 0.00026

0,b
fbA 0.23193 ± 0.00029

Prediction for 
125 GeV Higgs!

e+e- colliders 
LEP and SLC

e e+ -

Z

���AZ + Anew

���
2
� A2

Z

⌅
1 +

⇥
Anew

AZ

⇤2
⇧

on resonance: AZ is imaginary

no interference!

S,T, U
parameters

Stringent 
constraints

on large
classes of

new physics
models

Flavor Diagonal Interactions

€ 

Lf1 f2
=

4π
Λ ij
2 ηij

i, j= L ,R
∑ f 1iγµ f1i f 2 jγ

µ f2 j

Consider

€ 

f1 f 1→ f2 f 2

€ 

f1 f2 → f1 f2or

Anew

New heavy physics that does not
couple directly to SM gauge bosons

The most precise measurements at LEP/SLC

Unique role for sin2θW measurements at Q2 ≪ MZ
2



EW Physics after LEP/SLC

19

Physics down to a length scale of 10-19 m well understood but.....

Many questions still unanswered….
The High Energy Frontier: Collider Physics

The Cosmic Frontier: Particle, Nuclear and Gravitational Astrophysics



EW Physics after LEP/SLC

19

Physics down to a length scale of 10-19 m well understood but.....

Many questions still unanswered….
The High Energy Frontier: Collider Physics

The Cosmic Frontier: Particle, Nuclear and Gravitational Astrophysics

A comprehensive search for clues requires, in addition:
The Intensity/Precision Frontier



EW Physics after LEP/SLC
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✦ Direct Detection of Dark Matter
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Physics down to a length scale of 10-19 m well understood but.....

Many questions still unanswered….
The High Energy Frontier: Collider Physics

The Cosmic Frontier: Particle, Nuclear and Gravitational Astrophysics

Intense beams, ultra-high precision, exotic nuclei, 
table-top experiments, rare processes....

A comprehensive search for clues requires, in addition:
The Intensity/Precision Frontier
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•6S → 7S transition in 133Cs is forbidden within QED
•Parity Violation introduces small opposite parity admixtures
•Induce an E1 Stark transition, measure E1-PV interference
•5 sign reversals to isolate APV signal and suppress systematics
•Signal is ~ 6 ppm, measured to ~ 20 ppb
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SLAC E158 Proposal

26

~ 10 ppb statistical error at highest Ebeam, ~ 0.5% error on weak mixing angle

• 10 nm control of beam centroid on target
– R&D on polarized source laser transport elements

• 12 microamp beam current maximum
– 1.5 meter Liquid Hydrogen target

• 20 Million electrons per pulse @ 120 Hz
– 200 ppm pulse-to-pulse statistical fluctuations

• Electronic noise and density fluctuations < 10-4

• Pulse-to-pulse monitoring resolution ~ 1 micron
• Pulse-to-pulse beam fluctuations < 100 microns

– 100 Mrad radiation dose from scattered flux
• State-of-the-art radiation-hard integrating calorimeter

• Full Azimuthal acceptance with θlab ~ 5 mrad
– Quadrupole spectrometer

– Complex collimation and radiation shielding issues

A large number of 
technical challenges

Goal: error small enough to probe TeV scale physics

1997
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45 GeV: 14.0 revs

g-2 spin precession

48 GeV: 14.5 revs

APV =  (-131 ± 14 ± 10) x 10-9

Phys. Rev. Lett. 95 081601 (2005)

2002-3
~60 physicists, 8 Ph.D. Students
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extrapolation error
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MOLLER: improve 
QW(e) by a factor of 5
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δ(sin2θW) = ± 0.00026 (stat.) ± 0.00012 (syst.) ~ 0.1%
Matches	  best	  collider	  (Z-‐pole)	  measurements!	  

best contact interaction reach for leptons at low OR high energy
To do better for a 4-lepton contact interaction would require: 

Giga-Z factory, linear collider, neutrino factory or muon collider
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MOLLER Status

• ~ 150 GHz scattered electron rate
– Design to flip Pockels cell ~ 2 kHz
– 80 ppm pulse-to-pulse statistical 

fluctuations
• 1 nm control of beam centroid on target

– Improved methods of “slow helicity reversal”
• > 10 gm/cm2 liquid hydrogen target

– 1.5 m: ~ 5 kW @ 85 µA
• Full Azimuthal acceptance with θlab ~ 5 mrad

– novel two-toroid spectrometer
– radiation hard, highly segmented integrating 

detectors
• Robust and Redundant 0.4% beam polarimetry

– Pursue both Compton and Atomic Hydrogen 
techniques

• MOLLER Collaboration 

– ~ 100 authors, ~ 30 institutions

– Expertise from SAMPLE, A4, HAPPEX, 
G0, PREX, Qweak, E158

– 4th generation JLab parity experiment

Director’s Review chaired by C. Prescott: strong, positive endorsement

Technical Challenges

• 20M$ proposal to DoE NP
• 2-3 years construction
• 2-3 years running

35
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Semi-Leptonic Couplings
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Elastic Electron-Proton Scattering

37

first result with 4% of  data;
analysis of  full 

data set ongoing

Qweak at JLab and P2 at Mainz
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EW Physics & QCD Interplay

38

✦ Inelastic backgrounds

★ Inelastic e-p scattering in diffractive region (Q2 <<1 GeV2, 
W2 > 2 GeV2) pollutes the Møller peak

✦ Box diagram uncertainties

★ Proton weak charge modified; inelastic intermediate states

✦ Parton dynamics in nucleons and nuclei

★ Higher twist effects

★ charge symmetry violation in the nucleon

★ “EMC” style effects: quark pdfs modified in nuclei

e-

p X

e-

Z* γ*electrons 
on LH2
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✦ Inelastic backgrounds

★ Inelastic e-p scattering in diffractive region (Q2 <<1 GeV2, 
W2 > 2 GeV2) pollutes the Møller peak

✦ Box diagram uncertainties

★ Proton weak charge modified; inelastic intermediate states

✦ Parton dynamics in nucleons and nuclei

★ Higher twist effects

★ charge symmetry violation in the nucleon

★ “EMC” style effects: quark pdfs modified in nuclei

e-

p X

e-

Z* γ*electrons 
on LH2

Each “interest group” must buy into the other group’s goals!



SOLID at JLab
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SOLID Sensitivity

40

Does Supersymmetry provide 
a candidate for dark matter?

•B and/or L need not be 
conserved: neutralino decay

•Depending on size and sign 
of deviation: could lose appeal 
as a dark matter candidate

MSSM sensitivity
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Does Supersymmetry provide 
a candidate for dark matter?

•B and/or L need not be 
conserved: neutralino decay

•Depending on size and sign 
of deviation: could lose appeal 
as a dark matter candidate

MSSM sensitivity

•Virtually all GUT models predict new Z’s
•LHC reach ~ 5 TeV, but....
•Little sensitivity if Z’ doesnt couple to leptons
•Leptophobic Z’ as light as 120 GeV could have escaped detection

arXiv:1203.1102v1
Buckley and Ramsey-Musolf

Since electron vertex must be vector, the Z’ cannot 
couple to the C1q’s if there is no electron coupling: 

can only affect C2q’s
SOLID can improve sensitivity: 

100-200 GeV range

Leptophobic Z’

http://arXiv.org/abs/1203.1102v1
http://arXiv.org/abs/1203.1102v1


Nuclei: Collection of  Nucleons?

41

SOLID sensitivityCharge symmetry violation (CSV)

Deuterium target

RCSV =
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SOLID sensitivityCharge symmetry violation (CSV)

Deuterium target• Neutron or proton excess in nuclei leads to a 
isovector-vector mean field (ρ exchange)

•  shifts quark distributions: “apparent” CSV 
• Isovector EMC effect: explain 2/3 of NuTeV anomaly

From Nucleons to Nuclei RCSV =



Nuclei: Collection of  Nucleons?
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SOLID sensitivityCharge symmetry violation (CSV)

Deuterium target

5%

• nuclear medium modification of quark distributions? 

smoking
gun!

Cloet, Bentz, Thomas, arXiv 0901.3559

• Neutron or proton excess in nuclei leads to a 
isovector-vector mean field (ρ exchange)

•  shifts quark distributions: “apparent” CSV 
• Isovector EMC effect: explain 2/3 of NuTeV anomaly

From Nucleons to Nuclei RCSV =



The Far Future?



EW Physics at an EIC
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Both planned to be STAGED

A high energy, high luminosity (polarized) ep 
and eA collider and a suitably designed detector

Two Machine Designs

• Ee=10 GeV (5-30 GeV variable)

• Ep=250 GeV (50-325 GeV Variable)

• Sqrt(Sep) = 100 (30-200) GeV

– Electroweak (spin) structure 
functions

– W and Z boson production: 
different couplings to quarks 
and anti-quarks

• Parity violating DIS: a probe of 
beyond TeV scale physics

– Measurements at higher Q2 than 
the PV DIS 12 GeV at Jlab

– Precision measurement of Sin2ΘW

“Parasitic” Opportunity: Electroweak & BSM Physics

An Electron-Ion Collider is the next big machine envisioned in US Nuclear Physics

eRHIC at Brookhaven National Laboratory 
using the existing RHIC complex

ELIC at Jefferson Laboratory using 
the Upgraded 12GeV CEBAF



Møller Scattering at an ILC

44

E158 LC

Energy (GeV) 48 250-500
Intensity/pulse 4.5 × 1011 14 × 1011

Pulse Rate (Hz) 120 120
Pe 85% 90%

Time (s) 5 × 106 2 × 107

ALR (ppm) 0.15 1-2
δALR (ppm) 0.015 0.008

δsin2(θW) 0.001 0.00006-8

Compton PolarimetryK.K, Snowmass 96

€ 

δPe (syst) ≈ 0.25% (projected)
≈ 0.50% (SLD)

€ 

δ sin2θW
sin2θW

≈
1
20

δPe
Pe

⇒δ sin2θW ≈ 0.00003

•Order of magnitude better than E158
•Parasitic “exhaust” beam ?
•Approaching Giga-Z territory
•Need 3 or 4 such independent 
 measurements

Y. Kolomensky et al.
Møller scattering could be the 
centerpiece of a compelling  
fixed-target program at the ILC 

Can one get below ± 0.0001 without a Giga-Z?



Beyond Electron Scattering
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✦ Atomic Parity Violation
★ New facilities being designed
• Trapped Francium at TRIUMF, Canada
• Trapped Radium+ ions at KVI, Netherlands

★ Systematic and statistical reach
• chains of isotopes would alleviate atomic theory issues

• luminosity increases feasible with new FRIB facility

✦ Neutrino Scattering
★ Fine-grained near-detector measurement at LBNE?

★ Reactor experiments have so far not demonstrated the 
capability to achieve the needed statistics

★ Neutrino factory?



Summary

✦ Measurements of the Weak Mixing Angle
★ Central to our understanding of the Standard Model
★ Likely remain central in our search for new physics

✦ Parity-Violating Electron Scattering
★ Technical progress has enabled unprecedented precision
★ flagship experiments at electron accelerators
★ Fundamental Nuclear/Nucleon Physics
• Neutron RMS radii of heavy nuclei
• valence quark structure of protons and neutrons

★ Fundamental Particle Physics 
• Search for new dynamics at the multi-TeV scale
• complementary to colliders; would help interpret potential anomalies
• precision measurement of the weak mixing angle

46

A remarkably productive research program that 
will continue to flourish over the next decade


